ratus FOPI at the Schwerionen-Synchrotron (SIS) at GSI, a large amount of directed and elliptic flow data for light charged particles (protons, deuterons, tritons, 3 He and 4 He) from intermediate energy HICs have been made available [19, 20] . Moreover, flows are presented differentially in the FOPI data [20] in the form of both rapidity and transverse momentum distributions. Therefore, new opportunities have been opened up which will allow us to discuss the following questions:
(1) Is it possible to reduce the uncertainty of K 0 of the EoS by comparing a large number of two-dimensional flow data with model calculations?
(2) Is it now possible to extract more information on the medium modifications of NNCS? 
II. URQMD MODEL UPDATES
The UrQMD model [22] [23] [24] [25] has been widely and successfully used to study pp, pA, and AA collisions within a large energy range from Bevalac and SIS up to the AGS, SPS, RHIC, and LHC. At lower energies, the UrQMD model is based on principles analogous to the quantum molecular dynamics model (QMD) [26] in which each nucleon is represented by a Gaussian wave packet in phase space. The centroids r i and p i of a nucleon i in the coordinate and momentum spaces are propagated according to Hamilton's equations of motion:
The Hamiltonian H consists of the kinetic energy T and the effective two-body interaction potential energy U,
and U = U ρ + U md + U coul (4) where U coul is the Coulomb energy, while the nuclear interaction potential energy terms U ρ and U md can be written as U ρ,md = u ρ,md dr.
In the current new version of the UrQMD model, the form of the momentum dependent term u md is taken from the QMD model [26] while the Skyrme potential energy density functional u ρ is introduced in the same manner as in the improved quantum molecular dynamics (ImQMD) model [27, 28] in which
Here δ = (ρ n − ρ p )/(ρ n + ρ p ) is the isospin asymmetry defined through the neutron (ρ n ) and proton (ρ p ) densities with ρ = ρ n + ρ p . The parameters α, β, η, g sur , and g sur,iso are related to the Skyrme parameters via (9t 1 − 5t 2 − 4x 2 t 2 )ρ 0 , and
(3t 1 (2x 1 + 1) + t 2 (2x 2 + 1))ρ 0 . The parameters A, B, and C in the volume symmetry energy term of Eq. 6 are given by A = − t 0 4
and
0 . The coefficients t 0 , t 1 , t 2 , t 3 and x 0 , x 1 , x 2 , x 3 are the wellknown parameters of the Skyrme force.
In this work, we choose three sets of the Skyrme force, SkP [4, 29] , SV-mas08 [4, 30] , and SkA [4, 31] for incompressibility values K 0 varying within 230±30MeV. The main saturation properties of each set are listed in Table I which shows that the saturation density (ρ 0 ), the saturation energy (E 0 ), and the symmetry energy (S 0 ) at ρ 0 are close to their commonly accepted values, 0.16 fm −3 , −16 MeV, and 32 MeV, respectively. The other three parameters, the slope L of the symmetry energy, the symmetry incompressibility K asy , and the effective mass ratio m * /m at ρ 0 , are also found within their known regions of uncertainty. Concerning the NNCS, it is known that it will be modified by the nuclear medium, according to the QHD theory (see, e.g., Refs. [32] [33] [34] [35] [36] [37] [38] [39] ). However, the details of this modification are still not clear. In this work, as done previously [24, 40] , the in-medium nucleon-nucleon elastic cross sections (NNECS) are treated to be factorized as the product of a medium correction factor F and the free cross sections. For the inelastic channels, we still use the experimental free-space cross sections which will not have a significant influence on results studied in this work. The total nucleon-nucleon binary scattering cross sections can thus be expressed as
with
where p N N denotes the relative momentum of two colliding nucleons. Here σ el and σ in are the nucleon-nucleon elastic and inelastic cross sections in free space, respectively, with the proton-neutron cross sections being considered as different from the proton-proton and neutron-neutron cross sections in accordance with experimental data. The factor F ρ in Eq.
8 can be expressed as
which is also illustrated in Fig. 1(a) . In this work, ζ=1/3 and λ=1/6 are adopted which corresponds to the parametrization FU3 in Ref. [24] . The three parameters f 0 , p 0 and κ in Eq. 8 can be varied in order to obtain various momentum dependences of F (ρ, p). We select several parameter sets for this work which are shown in Table II . The corresponding F (ρ, p) functions at ρ = 2ρ 0 are illustrated in Fig. 1(b) . The parameterizations FP1, FP2, and FP3 were investigated and used in our previous works [24, 41, 42] . Specifically, the parameter set FU3FP1 was used to investigate HICs around the balance energy where the experimental data can be reproduced quite well with this set. Here, we further effect is the same as that in Ref. [24] .
The UrQMD transport program stops at 250 fm/c at which time a phase-space coalescence mode [43] is used to construct clusters. Usually, the minimum spanning tree (MST) algorithm is used. Recently, an isospin-dependent MST (iso-MST) method was introduced by Zhang et al. [21] . Accordingly, in this work we will apply the two methods of fragment recognition. The relative distance and momentum parameters R 0 and P 0 are set to Table II for FU3 at ρ = 2ρ 0 .
III. OBSERVABLES AND CALCULATIONS
About 300 thousand events of the medium modified NNCS and the cluster recognition method are adopted and listed in Table III . Clearly, the options UrQMD-I, UrQMD-IV, and UrQMD-V are for testing the influence of the mean field potential, the options UrQMD-III and UrQMD-IV are for testing the in-medium NNCS, and, UrQMD-II and UrQMD-IV are for testing the influence of the cluster recognition method. in Table III are in agreement with experimental data and the difference among them are relatively small. Since the aim of this work is to explore whether more accurate constraints to the whole dynamic process of HICs can be obtained by comparing with the new flow data of the FOPI collaboration, we will not present results on the fragment spectrum in this paper.
It is known that one of the most important observables to constrain the stiffness of EoS of nuclear matter, especially at supra-normal densities, is the collective flow in HICs at intermediate energies. Using the same parameterization as in Ref. [20] , we have
in which the directed and elliptic flow parameters v 1 and v 2 can be written as:
Here φ is the azimuthal angle of the emitted particle with respect to the reaction plane, and p t = p 2 x + p 2 y is the transverse momentum of emitted particles. The angle brackets in Eq. 11 denote an average over all considered particles from all events. The v 1 and v 2 have complex multi-dimensional dependences. For a certain reaction with fixed reaction system, beam energy, and impact parameter, they are functions of u t and rapidity y. Here u t = β t γ is the transverse component of the four-velocity u=(γ, βγ). We use the scaled units u t0 ≡ u t /u 1cm and y 0 ≡ y/y 1cm as done in [20] , and the subscript 1cm denotes the incident projectile in the center-of-mass system. with increasing particle mass. This shows that the expected collective proportionality to the particle mass is observed when all particles are included and suggests that the phenomenon of an additional increase of the flow effect with the particle mass is strongly correlated with whether a transverse momentum cut is applied or not. Now, let us look at the collective flow as a function of rapidity when a u t0 cut is applied. provides the slope value v 11 of v 1 at y 0 = 0 which will be discussed later. In Fig. 3 (b) , it is found that our calculated results for all particles considered are in agreement with the experimental data in the whole rapidity region. The elliptic flow v 2 of light particles is also calculated and compared with FOPI data from Ref. [20] . In Fig. 4 , the results of calculations with UrQMD-IV and the FOPI data at high momenta (see Fig. 1 ), we may conclude that the directed flow of light particles is not sensitive to the low momentum part while the elliptic flow is not sensitive to the high momentum part of the momentum dependent NNECS. The figure finally also shows that the calculations with FP4 can best reproduce the experimental data.
Besides the medium modification on NNECS, also the influence of the mean field and of the cluster recognition method on flows is further investigated. In Fig. 6 , the v 11 and v 20 medium modification of NNECS is adopted, with the only exception of α particle flow which is underestimated and should be further studied.
In order to see more clearly effects of the mean field potential, the in-medium NNCS, and the cluster recognition method on flows, the calculated parameters v 1 of directed and shown in Fig. 6 . Further, it is found that at about 0.5 < u t0 < 1.0 the effect of medium modified NNCS on flows of A = 3 clusters is enlarged while the other two effects are reduced so that one may be able to more cleanly determine the medium modifications of NNCS in this momentum region.
We finally show in Fig. 8 the u t0 dependence of calculated directed (left panels) and Ref. [20] where the IQMD model was used. A possible reason is that the QMD-like model calculations produce more free protons and neutrons than observed in the experiment. Some of the free nucleons might thus actually belong to fragments. Since the flow effect is larger for fragments than for emitted nucleons, the calculated flows of free protons are consequently overestimated. Thirdly, as for flows of deuterons and A = 3 clusters, it is seen that the comparison of UrQMD-IV calculations with the experimental data is fairly good in the range 0.5 < u t0 < 1.0. In view of the result shown in Fig. 7 , it is highly advantageous to investigate the detailed behavior of the medium corrected NNCS in this momentum region.
Finally, when u t0 is larger than about 1.0, the deviation of the calculated v 1 from the data starts to increase in some of the particle cases. But, on the other hand, the yields of these particles are quite small in these u t0 and y 0 regions and the contribution to the final v 11 value is thus very limited. One has indeed seen the successful description of the u t -integrated data by the UrQMD-IV set shown in Fig. 6 . Nevertheless, it is certainly possible that the internal magnetic fields [45] and non-central forces as, e.g., the tensor force and spin-orbit coupling [46, 47] might influence the freeze-out mode of HICs, especially for non-central collisions at large momenta and rapidities, topics which should be further studied in the transport theory.
IV. SUMMARY AND OUTLOOK
In summary, we have studied the directed and elliptic flows of light particles in 197 Au+ 197 Au collisions at beam energies 150, 250 and 400 MeV/nucleon by using the updated UrQMD model in which the Skyrme potential energy density functional is introduced. After the detailed study of the influence of equation of state (EoS), medium-modified nucleon-nucleon elastic cross section (NNECS) and cluster recognition criteria on flows, the three questions asked in the introduction can be answered: (1) it is difficult to get a more exact value of the incompressibility from the present flow data than K 0 = 230±30 MeV, (2) the different choices of medium-modified NNECS exhibit a significant influence on the light particle flows and, particularly, on the flows of light composite particles; (3) the influence of the cluster recognition method on cluster flows is weak. The version of UrQMD-IV, comprising the SV-mas08 force with a corresponding incompressibility K 0 =234 MeV, the FU3FP4 mediummodified NNECS and the iso-MST cluster recognition method, describes the directed and elliptic flows of light particles as functions of both rapidity and transverse momentum rather well.
Theoretically, the spin-orbit coupling term in the Skyrme interactions will be further put into the UrQMD transport model after incorporating the spin degree of freedom and its contribution to flows, especially at large rapidities and/or transverse momenta, for intermediate energy HICs can then be identified. Together with the forthcoming new flow data of light particles measured by the ASY-EOS collaboration at GSI, we hope to further reduce the uncertainties in both K 0 and K asy of the isospin-dependent EoS within the present framework of UrQMD in the near future.
